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Three dimensional (3D) analysis of MHD stability is 
essential to the design of so-called optimized stellarators 
because of their intrinsic 3D field structure. This is es-
pecially the case for quasi-axisymmetric (QA) stellara-
tors in which substantial bootstrap current is expected. 
Recent progress in supercomputer performance makes 
it easy to calculate directly 3D MHD modes by numer-
ical codes. Terpsichorel ) and CAS3D2) code packages 
have been developed for global ideal mode analyses. 
In our work of designing a quasi-axisymmetric stel-
larator CHS-qa, we have already reported CAS3D re-
sults based on self-consistent bootstrap current calcu-
lated at an average beta of 1.2%.3) The CAS3D cal-
culation has been done on the supercomputer at IPP 
(Institut flir PlasmaPhysik) in Germany. On the other 
hand, installation of Terpsichore on NIFS supercom-
puter system has been completed in this fiscal year. In 
this report we focus on comparison between Terpsichore 
and CAS3D results for global ideal mode analysis. 
Plasma condition assumed has been explained else-
where.3) We use model profiles of rotational transform 
t for current-driven mode analysis. In order to simu-
late increased plasma current, t in the equilibrium with 
bootstrap current mentioned above is shifted up uni-
formly step by step. Namely, when the rotational trans-
form t is expressed by a polynomial of normalized flux 
label s as t( s) = 2:::=0 CiSi, eo is increased from 0.413 to 
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Fig. 1. Comparison of the most unstable eigenvalues 
of N = 1 family global modes calculated by Terpsichore 
and CAS3D codes as functions of central t. 
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0.713 by step of 0.05 . In contrast to heliotron/torsatron 
devices, resulting t profile is nearly flat. As a result, 
stability results evaluated by Terpsichore agree with 
CAS3D results for both N = 0 and N = 1 mode fami-
lies. Figure 1 summarizes the most unstable eigenvalues 
of N = 1 mode family calculated by two codes as func-
tions of central t (eo). Though the order of eigenvalue 
largely differs due to its definition, positive eigenvalue 
corresponds to stability for both cases. As shown, N = 1 
mode becomes significantly unstable once t exceeds 0.5. 
In spite of the same stability results, variation against t 
or plasma current is different. This may be attributed 
to differences in setting parameters. The numbers of 
radial meshes and perturbation modes considered are 
201 and 108 in CAS3D, respectively, while they are 49 
and 91 in Terpsichore. 
Structure of unstable eigenfunctions is also similar 
in both codes. Figure 2 shows the five largest Fourier 
components of unstable N=l family eigenfunction ~ for 
central t of 0.513 calculated by Terpsichore. The domi-
nance of (2,1) Fourier mode indicates strong connection 
with the fact that t profile lies above 1/2. The shape of 
the eigenfunction increasing toward the plasma bound-
ary means that the mode has properties similar to ex-
ternal kink instability in tokamak theory. CAS3D also 
gives similar shapes of eigenfunctions. 
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Fig. 2. The five largest Fourier components of N =1 
family global mode eigenfunction for central t of 0.513 
calculated by Terpsichore. 
